Connolly and colleagues [1] help substantiate that septins, proteins proven critical for normal cell division [2] , are relevant to cancer. Th e 13 septin loci identifi ed in humans [3] have been associated with important cellular functions, from angiogenesis to vesicular traffi cking, and a wide variety of human diseases, from cancer to neurological conditions (reviewed in [4] [5] [6] ). SEPT9 was identifi ed as a myeloid/lymphoid leukemia (MLL) fusion partner in leukemia [7] and cloned from a region of allelic imbalance in breast and ovarian cancers [8, 9] . Th e SEPT9 locus is complex. It encodes at least fi ve diff erent protein isoforms that form oligomeric complexes with other septins [10, 11] . SEPT9 isoforms share core domains, includ ing a GTPase domain with a putative nuclear localization signal, but diff er at the amino and carboxyl termini (reviewed in [3, 4] ). Altered expression of SEPT9 and its variant isoforms have been implicated in breast, ovarian, prostate, colon, and head and neck cancers [5, [12] [13] [14] [15] [16] whereas SEPT9 mutations have been associated with hereditary neuralgic amyotrophy [17] . SEPT9 Abbreviations GFP, green fl uorescent protein.
research has focused on diff erential expression levels of SEPT9 in malignant and non-malignant cells, cellular responses to diff ering expression of SEPT9 isoforms, and characterization of interacting proteins, including other septins, and associated molecular pathways, such as hypoxia inducibe factor-1 alpha and JNK signaling [14, 18, 19] . SEPT9_i1, an isoform implicated as an oncogene [12] [13] [14] , diff ers by 25 unique amino-terminus amino acids, including an additional nuclear localization signal. High ectopic SEPT9_i1 expression in immortalized human mammary epithelial cells leads to oncogenic phenotypes and increased SEPT9_i1 nuclear localization [12] . Knock-down of SEPT9_i1 expression in cancer cells normalizes oncogenic phenotypes [12, 18] . High SEPT9 expression also leads to cytokinesis and chromosome segregation defects [20] [21] [22] .
Connolly and colleagues [1] present compelling evidence confi rming SEPT9 amplifi cation and high SEPT9 expression in breast cancer cells [12, 23] . Th ey found increased Sept9 levels in hyperplastic and malignant stages. Th ey noted SEPT9_i1, as well as SEPT9 _i3, _i4, and _i5, increased cell migration in MCF7 cells, sub stantiating a potential role for SEPT9_i1 and other SEPT9 isoforms as putative oncogenes in breast cancer. Mechanisms regulating SEPT9 isoform expression and contribut ing to tumorigenesis remain unclear. Th ey did fi nd that SEPT9_i3 has a unique promoter that is hypermethylated in many breast cancer cells [1] . While overall SEPT9 and SEPT9_i1 expression was often high in cancer cells, SEPT9_i3 expression was often low. In some breast cancer cell lines, however, SEPT9_i3 promoter hypomethy lation with high SEPT9_i3 expression was noted and green fl uorescent protein (GFP)-SEPT9_i3 expression in MCF7 cells increased migration [1] . Th us, the role of SEPT9_i3 promoter methylation in breast cancer remains unclear but hypermethylation and decreased SEPT9 expression has been reported in colon cancer and head and neck cancer [15, 16, 24] . More recent data in head and neck cancer, however, suggest high SEPT9 and SEPT9_i1 expression is associated with later cancer stages and poor outcomes, supporting oncogenic roles [13] . Given SEPT9 isoforms interact in oligomeric
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Septins comprise a conserved family of GTPase proteins. Of these, human SEPT9 has been widely implicated in cancers of epithelial origin, including breast cancer, as well as leukemia. In a previous issue of Breast Cancer Research, Connolly and colleagues present compelling data further supporting a role for SEPT9 isoforms in early breast cancer development as well as evidence suggesting that cellular localization patterns of SEPT9 isoforms may contribute to oncogenesis.
© 2010 BioMed Central Ltd
Steps solidifying a role for SEPT9 in breast cancer suggest that greater strides are needed complexes, it is plausible that altered ratios of SEPT9 isoforms, where high levels of one, such as SEPT9_i1, and low levels of another, such as SEPT9_i3, may be important in tumorigenesis. Further studies are required to determine if changes in inter actions between septin isoforms can impact tumorigenesis.
Previous studies suggest that SEPT9 is generally cytoplasmic, often as fi lamentous structures, or within contrac tile rings of dividing cells. Diff use cytoplasmic localization and nuclear localization have also been observed [12, 20] . Connolly and colleagues provide novel, intriguing evidence that cellular localization of SEPT9 isoforms may be relevant to cancer [1] . Th ey found characteristic cytoplasmic SEPT9 staining in all cells as well as nucleolus localization in human and murine luminal breast epithelial cells. Nuclear localization was lost in more advanced tumor cells. Th ey also noted diff erences in the organization of SEPT9 fi laments in the nucleus and cytoplasm when diff erent GFP-SEPT9 isoforms were expressed in MCF7 cells. While functional roles of septins can be associated with their cytoplasmic localization, the role of SEPT9 isoforms in the nucleus is less clear, although SEPT9_i1 stabilization of JNK may be a nuclear associated function [19] . Previous studies postulated increased SEPT9 nuclear localization in breast cancer [12] , but immortalized cells may not mimic physio logic conditions in mammary glands. Specifi c antibodies used and fi xation methods employed may also contribute to diff ering results of localization studies. Th us, additional studies to examine cellular localization of SEPT9 and the impact this has on cellular functions and cancer progression are needed. Future studies of live primary cells using GFP-tagged SEPT9 constructs may be informative.
Conclusion
Th e work by Connolly and colleagues [1] provides additional signifi cant support for the roles of SEPT9 isoforms in cancer. Importantly, their studies in human breast tissue microarrays and cells from a mouse model of breast cancer support early SEPT9 involvement in mammary tumorigenesis. Furthermore, they provide evidence that suggests that cellular localization of SEPT9 isoforms may be important in cancer development. Many unanswered questions remain regarding the clinical relevance of SEPT9 expression patterns in breast cancer and about the molecular mechanisms by which SEPT9 isoforms contribute to the pathogenesis of cancer. Further correlation of tissue expression with clinicopatho logical variables is essential to help determine clinical relevance to breast cancer. Additional functional studies of SEPT9 isoforms are required to begin understanding molecular mechanisms important in normal cellular functions, mammary gland development, and the pathogenesis of breast cancer. A better understanding of the cellular functions and clinical correlations of SEPT9 isoforms relevant to cancer could provide valuable insights into future diagnostic, prognostic and therapeutic strategies important in the management of breast cancer. For now, the intriguing fi ndings of Connelly and colleagues [1] , as well as other published fi ndings implicating SEPT9 in cancer, translate into a compelling rationale for more intensive studies of septins in cancer.
